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In a second manuscript in this issue of Neuron, Clyne
et al. (1999) report that Acj6, a mutant with abnormal
chemosensory behavior, results from deletions in a
A Sweet BeginningPOU-homeodomain transcription factor. Other mem-
bers of this family of transcriptional regulators mediate
the terminal differentiation of a variety of sensory cells in
vertebrates, including retinal ganglion cells and auditory Animals have developed highly specialized sensory or-
hair cells (reviewed by Ryan and Rosenfeld, 1997). Inter- gans that detect physicochemical characteristics in the
estingly, Acj6 mutants are specifically defective for ex- environment and translate this information into neuronal
pression of a subset of the new receptor genes. Electro- electrical activity. The coding of sensory stimuli into
physiological analysis of wild-type and Acj6 mutants specific patterns of neuronal activity generates an inter-
reveals that a specific subset of olfactory neurons have nal representation of the external world that is pro-
altered chemical specificity in Acj6 mutants. Two groups cessed by brain centers to elicit complex sensory per-
of neurons in Acj6 appear to have lost all odor sensitivity, ception and adapted behavioral responses. Major
while a third population has acquired a unique odor advances in the study of olfaction have resulted from
the identification of genes encoding olfactory receptorresponse profile not found normally.
molecules (see, for example, Buck and Axel, 1991; Buck,We do not have enough information to explain these
1996). Similarly, the recent characterization of novelresults at a mechanistic level, but at least three broad
genes encoding taste receptors will undoubtedly shedpossibilities emerge. A subset of receptors in Acj6 may
a new light on the logic of taste sensory processing.simply be lost, leaving behind either no receptors, non-
The sense of taste provides the animal with an imme-functional receptors, or a novel combination of recep-
diate perception of food palatability: the hedonic per-tors not normally expressed in the wild type. A single
ception of sweet, for example, signals highly caloricreceptor may be ectopically expressed in those Acj6
carbohydrate-rich nutrients, whereas potentially toxicolfactory receptor neurons with unique response pro-
substances such as plant alkaloids or cyanides elicitfiles. Or, alternatively, the defects in Acj6 may reflect an
aversive bitterness. The initial event of taste recognitionalteration in cell fate or terminal differentiation of a sub-
requires the activation of specific populations of tasteset of olfactory neurons or a complex interaction be-
receptor cells by tastant molecules. In mammals, onion-tween transcription factors required for proper expres-
shaped clusters of taste receptor cells, the taste buds,sion of signaling components. Further insights await
are distributed within the different papillae of the tonguea more detailed analysis of the changes in receptor
epithelium (see figure). Taste cells synapse with afferentexpression in Acj6 mutants compared to wild type.
nerve fibers connected to the gustatory nuclei in the
Together, these studies mark the beginning of a new
brainstem, which in turn transmit sensory information
era in insect chemosensory research. The availability of to limbic and cortical brain areas. How are the diversity
these receptors will usher in a period of rapid advance- and specificity of the taste sensory response accom-
ment in our understanding of the molecular details of plished? Only five distinct gustatory perceptions have
chemosensory function, structure, and development in been identified in mammals: sweet, bitter, sour, salty,
Drosophila. These findings should translate into insights and umami (monosodium glutamate) (Linderman, 1996).
into chemosensory function in other arthropods (includ- Psychophysical studies have identified a coarse topo-
ing pests) and more complex olfactory systems like our graphic organization of taste buds in distinct areas of
own. the tongue according to preferential gustatory sensitiv-
ity (see figure). To a certain extent, however, all tastants
can be detected throughout the tongue. In addition,
Dean P. Smith although taste receptor cells are selectively activated
Department of Pharmacology by various tastants, individual taste cells and taste fibers
University of Texas Southwestern Medical Center are usually broadly tuned, showing sensory responses
to several chemical stimuli (Frank, 1973). A simple modelDallas, Texas 75235
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Schematic Organization of Taste Sensory Neurons
The tongue epithelium displays regional preferences to sweet, bitter, sour, and salty compounds. TR2, the putative receptor for bitter tastants,
is localized in the apical membrane of taste receptor cells, mostly, although not exclusively, in taste buds of circumvallate papillae in the
back of the tongue that show preferential sensitivity to bitter. In contrast, TR1, the putative receptor for sweet, is mainly expressed in taste
cells of fungiform papillae of the front of the tongue that show gustatory preference for sweet compounds.
of taste discrimination, according to which chemical between chemical stimuli within a given taste modality.
However, the extreme heterogeneity in the chemicalstimuli from different modalities activate taste cells in
topographically segregated areas of the tongue, is thus structures of tastants (carbohydrates, amino acids, pro-
teins, inorganic salts, and a large variety of artificialunlikely to be accurate.
The characterization of candidate receptors for sweet sweeteners can elicit the perception of sweet) and the
absence of cross-desensitization between differentand bitter by the groups of Zuker and of Ryba (Hoon et
al., 1999) is a new step toward the molecular analysis tastants support the existence of additional taste recep-
tors (Linderman, 1996).of taste information coding. Difference cloning has led
to the isolation of a small family of genes encoding two TR1 and TR2 receptor sequences share 40% se-
quence identity with each other and show a more dis-novel seven transmembrane domain receptors, TR1 and
TR2, that are likely to represent, respectively, the recep- tant similarity with those of the mammalian pheromone
and metabotropic neurotransmitter receptors. Exten-tors for sweet and bitter tastants. Whereas TR1 tran-
scripts are detected in all fungiform taste buds that sive search by Hoon et al. for TR1 and TR2 homologs
in the tongue has been unsuccessful, hinting at the exis-preferentially respond to sweet stimuli, TR2, in contrast,
is essentially undetectable in fungiform papillae but is tence of several highly divergent, possibly unrelated
gene families encoding taste receptors. The existencepresent in taste buds of all circumvallate papillae, which
are mostly sensitive to bitter substances. In accord with of multiple families of G protein±coupled receptors car-
rying taste detection would be quite reminiscent of thea function as taste receptors, TR1 and TR2 display a
striking localization to the apical membrane of taste cells extreme diversity found among chemosensory and ol-
factory receptors in vertebrates and C. elegans (Buckin the taste pore, where the detection of chemical stimuli
is thought to occur. Moreover, Hoon et al. (1999) have and Axel, 1991; Dulac and Axel, 1995; Troemel et al.,
1995; Sengupta et al., 1996; Herrada and Dulac, 1997;demonstrated that TR1 and TR2 are virtually absent
from cells expressing the G protein a subunit gustducin, Matsunami and Buck, 1997; Ryba and Trindelli, 1997),
and would underline the necessity to accommodatealthough gustducin has been implicated into signal
transduction of sweet and bitter tastants (Wong et al., specific recognition of structurally diverse ligands.
What is the molecular organization of the taste sen-1996). This result suggests that TR1 and TR2 receptors
must couple to a still undefined signal transduction path- sory epithelium? In the vertebrate olfactory system, indi-
vidual olfactory sensory neurons express only one olfac-way, and that gustducin might either be coexpressed
with a different class of receptor for bitter or sweet (see tory receptor gene, and all sensory neurons expressing
the same receptor establish synapses with a specificbelow) or play a different role than anticipated.
The identification of only two taste receptors comes subpopulation of mitral cells in the olfactory bulb. The
activation of different olfactory receptors thus elicitsas a big surprise. Could TR1 and TR2 really accommo-
date specific detection of all sweet and bitter com- different patterns of mitral cell activation in the brain,
providing a simple neuronal mechanism for discrimina-pounds? A direct answer to this question will require
functional analysis of TR1 and TR2 activation. On one tion between odorants (Buck, 1996). How many recep-
tors does an individual taste cell express? Do individualhand, the existence of very promiscuous taste receptors
would fit well with the lack of discrimination observed sensory fibers establish synapses with taste receptor
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cells expressing a specific receptor, or do they integrate results of a combination of optical, electrophysiological,
and pharmacological experiments to probe AMPA re-sensory stimuli from multiple subpopulations of taste
neurons? Hoon et al. have shown that 20%±30% of ceptor occupancy at excitatory hippocampal synapses.
They conclude that AMPA receptors are generally fartaste receptor cells in taste buds of the fungiform and
circumvallate papillae are, respectively, TR1 and TR2 from saturation, and, more importantly, that receptor
occupancy can change profoundly from one releasepositive. If more than two or three additional receptors
for either sweet or bitter chemicals were to be found, it event to the next because of variability in the peak con-
centration of glutamate in the synaptic cleft.would probably imply that individual taste receptor cells
express more than one taste receptor gene. Thus, in Working with cultured hippocampal neurons, Liu et
al. (1999) started by comparing miniature excitatorycontrast to that of the vertebrate olfactory system, the
molecular organization of the taste sensory system might postsynaptic currents (mEPSCs) recorded in cultured
hippocampal neurons with the responses of individualnot be able to afford discrimination between individual
chemical stimuli. Is such discrimination achieved? If so, synapses to exogenous glutamate pulses applied via
a closely positioned pipette. They identified relativelyhow? For the next few years, TR1 and TR2 are likely to
provide precious tools to tackle the largely mysterious isolated synapses with the aid of the recycled vesicle
marker FM1-43 and demonstrated that they were ablelogic of taste sensory signaling. This is but a taste of
things to come. to avoid glutamate diffusion to neighboring synapses.
The response to iontophoresed glutamate at a single
synapse was much less variable than the mEPSCs. ThisCatherine Dulac
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relatively unvarying but distinctly different quantal am-
plitudes. However, the maximal response to ionto-Selected Reading
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was tested with iontophoresed glutamate was consis-Hoon, M.A., Adler, E., Lindemeier, J., Battey, J.F., Ryba, N.J.P., and
tently among the most powerful of the cell, or mEPSCsZuker, C.S. (1999). Cell 96, 541±551.
do not generally arise from receptor saturation.Linderman, B. (1996). Physiol. Rev. 76, 718±766.
Liu et al. also applied a pharmacological approach toMatsunami, H., and Buck, L.B. (1997). Cell 90, 775±784.
examine AMPA receptor occupancy. A slowly dissociat-Sengupta, P., Chou, J.H., and Bargmann, C.I. (1996). Cell 84,
ing competitive antagonist, initially in equilibrium with899±909.
receptors and then faced with a sudden brief pulse ofRyba, N.J., and Tirindelli, R. (1997). Neuron 19, 371±379.
glutamate, should reduce the postsynaptic response byTroemel, E.R., Chou, J.H., Dwyer, N.D., Colbert, H.A., and Bargmann,
a constant fraction, irrespective of the peak glutamateC.I. (1995). Cell 83, 207±218.
concentration. The antagonist unbinds only reluctantly,Wong, G.T., Gannon, K.S., and Margolskee, R.F. (1996). Nature 381,
and the synapse behaves almost as if fewer receptors796±800.
were present. A rapidly dissociating competitive antago-
nist, on the other hand, can be displaced by glutamate.
The higher the glutamate concentration rises, the more
likely it is to displace antagonist molecules from the
receptors, making the antagonist disproportionatelyVariable Loudness at Individual
less effective (Clements et al., 1992). If large mEPSCsExcitatory Synapses
arise from a high cleft glutamate concentration, then
they should persist in the presence of the rapidly dissoci-
ating AMPA receptor antagonist g-DGG, unlike mEPSCs
An important question has just resurfaced in Neuron: is resulting from a low glutamate concentration, which
enough neurotransmitter released at central synapses should be much smaller than in the absence of the an-
to saturate the postsynaptic receptors? Because iono- tagonist. In contrast, mEPSCs arising from small and
tropic receptors generally occur in small clusters, the large glutamate transients should be equally sensitive
contents of a single vesicle may be sufficient to bind to to the slowly dissociating blocker CNQX. Liu et al.
a large fraction, if not all, of them (Edwards, 1990). The showed that amplitude distributions of mEPSCs changed
degree of occupancy arising from a release event has in agreement with this prediction. Perfusing CNQX
far-reaching implications for our basic picture of sto- scaled the mEPSC distribution uniformly, while in the
chastic central nervous system synaptic transmission, presence of g-DGG a relatively resistant tail remained
and for questions of how synapses change their strength at the upper end of the amplitude range. Similar results
(Stevens, 1993). were obtained with signals evoked in pyramidal neurons
in acute slices by minimal stimulation of presynapticIn this issue, Liu, Choi, and Tsien (1999) present the
